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ABSTRACT 
 
Recently, the supercritical carbon dioxide (s-CO2) Brayton cycle has been 
identified as a promising candidate for solar-thermal energy conversion due to 
its potentially high thermal efficiency (50%, for turbine inlet temperatures of ~ 
1000 K). Realization of such a system requires development of solar receivers 
which can raise the temperature of s-CO2 by over 200 K, to a receiver outlet 
temperature of 1000 K. Volumetric receivers are an attractive alternative to 
tubular receivers due to their geometry, functionality and reduced thermal 
losses. A concept of a ceramic pressurized volumetric receiver for s-CO2 has 
been developed in this work. Computational Fluid Dynamics (CFD) analysis 
along with a Discrete Ordinate method (DOM) radiation heat transfer model has 
been carried out, and the results for temperature distribution in the receiver and 
the resulting thermal efficiency are presented. Issues regarding material 
selection for the absorber structure, window, coating, receiver body and 
insulation are also addressed. A modular small scale prototype with 0.5 kWth 
solar heat input has been designed. The design of a small scale s-CO2 loop for 
testing this receiver module is also presented in this work. 
There is a lot of ongoing investigation for design and simulation of different 
configurations of heat exchangers and solar receivers using s-CO2 as the 
working fluid, in which wall temperatures up to 1000 K are encountered. While 
CO2 is considered to be transparent as far as solar radiation spectrum is 
concerned, there may be considerable absorption of radiation in the longer 
wavelength range associated with radiation emission from the heated cavity 
walls and tubes inside the receivers. An attempt has been made, in this study, to 
include radiation modelling to capture the effect of absorption bands of s-CO2 
and the radiative heat transfer among the equipment surfaces.  As a case study, a 
numerical study has been performed to evaluate the contribution of radiative 
heat transfer as compared to convection and conduction, for s-CO2 flow through 
a circular pipe. The intent is to provide a guideline for future research to 
determine the conditions for which radiation heat transfer modelling inside the 
pipe can be significant, and what errors can be expected otherwise. The effect of 
parameters such as Reynolds number, pipe diameter, length to diameter ratio, 
wall emissivity and total wall heat flux has been studied. The effect of radiation 
modelling on wall temperatures attained for certain amount of heat flux to be 
transferred to s-CO2 is also studied. The resulting temperature distribution, in 
turn, affects the estimation of heat loss to the environment. 
 
